
Technical Lesson 38 


PRINCIPLES AM USg OF TEST EQ.UIPMEOT 
FOR SERVICING RADIO RECEIVERS 


I It requires only a little looking around to see wHat a marked difference 

\ there is between the design and construction of radio receiving sets manu- 

f factured at the present time and those turned out by the radio industry 
I in previous years* You might wonder what has brought about the numerous^ 

I changes in radio sets in such a coicparatively short time. One of the prin- 

; cipal reasons is that modern productive methods have been applied in build- 

f,. ing radios—methods which follow closely along lines similar to those 
employed in many big industries where products are manufactured in large 
quantities and are subjected to rigid inspections and performance tests 
p.fl^efore they leave the factory. 6the*r reasons which are responsible for the 
i ISew models are the rapid development of screen-grid tubes and the radio 
^ fiiircuits in which they function and, also, the almost universal adoption of 
■ electrically operated sets that obtain their power from a socket or wall 

{ 'Sutlet in the house lighting system. 

! ®onsldered both from the electrical and mechanical standpoints out present 
ii-i^ype radio sets are superior to the older models in practically every respect 
but along with this advancement in set design and all arpund improvement in 
|,i| set performance there comes a big problem. That is, the problem of testing 
p and servicing these receivers. In answer to the general requirements for 
If -making rapid and accurate tests on tubes and receivers there has been de- 
veloped a few comparatively simple test instruments which ape within the 
' coiomand of radio service men. 

I Throughout the entire radio field there are, of course, a great variety of 
instruments in use for different purposes as a study of other lessons in our 
' radio course will reveal. This lesson will be devoted to a study of instru- 
1 mehts which have been found to be most useful in practical,. servicing. 

H In the list immediately following we have included the names of those instru- 
S] -ments which undoubtedly offer the greatest aid to the systematic worker in 
U'V,testing tubes, making adjustments and locating faults and. troubles in re^ 
Sfieivers of practically every description. These instruments are; namely, a 
'fflradio set tester which is also called a set analyzer; a tube tester or'^txibe 
iSi^heCker; a continuity tester and ohmmeter and volt-ohmmeter; an r-f and modu- 
■®fcated oscillator; a grid dip meter and an output meter. A vac^^um tube volt- 
i^^eter is also included because it is frequently used in servicing and test- 
work this meter affords an escellent means for making-coE^arative 
■MSiasurements. . > , - 

^5ln redding over the names of .the instruments just mentioned you can realize 
• i^Biat a lesson of this kind on the subjec t of Up-to-date routine seryicing of 
l ^tedio sets and testing tubes, must nec^sarily deal mdinly with the use of_ 
^«dters^ The importance of a thorough knowledge of meters and their use and 
([SpeabTlity to interpret 'the meaning^of any indication read on a meter scale 
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cannot te oYerestimated in this work. In fact., one manufacturer believes 
that through lack of necessary electrical testing , eq.uipment a person is un¬ 
able to intelligently record the condition of a radio set and there is no 
doubt but that he is right in his contention. His statement is just another 
way of saying that when suitable test instruments are eu^loyed and properly 
handled it eliminates all guess work from radio servicing. And speaking of 
guess work recalls to mind conditions which existed a few years back when 
the majority of receiving sets were battery operatedjand the parts and 
accessories where assembled together in a maze of open wiring^and how radio 
troubles were oftentimes located in a more or less haphazard manner. A good 
guess or two by an experienced radio man as to the probable cause of trouble 
in some of the one to three-tube sets that he was called upon to service 
and he would in many cases hit right on the fault. 



Figure 1 


Nowadays, however, conditions are entirely changed in 

the radio industry. The highest character of service must be rendered to 
owners of radio sets because of the keen competition in this line and this 
means that the most efficient testing methods must be put into practice. In 

other words, when working on a set that is ^ 

perhaps not operating at all a serviceman aims to get at the real source 

the difficulty in the shortest possible time and to do this on modern ^^dio 
qpts reouires that a regular system of tests be made according to standard 
practicL. We will outline these for you in a subsequent section. Of course 
you will soon learn that systematic electrical testing of troublesome receiv¬ 
ing sets of any type, whether they be new or old models, 1® & 
vantage over tests attempted by any of the so-called hit and miss methods. 
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Most everyone knows ttiat when a receiver of recent manufacture is installed 
in its cabinet or console only a very small portion of the wiring and com¬ 
ponent parts of the receiver proper and power supply units and loudspeaker 
are readily accessible. This is acco\inted for, as the photograph in 
Figure 1 clearly shows, by the mechanical layout of the recent models which 
are built on the unit plan,employing chassis form of construction,and,also, 
because of the generous use of metal covers and containers and shielding 
cans which enclose the parts. It is quite obvious that in servicing sets 
which are assembled according to this unit plan that certain preliminary 
electrical tests are very necessary to expedite the work. 

The illustration in Figure 1 is a typical example of modern test methods 
being employed to check the circuits of a receiver. It shows a set tester 
being used to take voltage and current readings at the 1st r-f socket of an 
electrically operated, screen-grid receiver. You can see that the screen-grid 
tube has been removed from its socket in the receiver and is inserted in the 
xrr socket on the set tester panel'and the tube has been replaced with a teste: 
plug* hence, the plug is in the 1st r-f socket previously occupied by the 
tube! To complete the connections for such a test the control grid lead 
coming- from the r-f coil is clipped to a small terminal located on the side 
of the plug while another connection, which is part of this same circuit, is 
made at the tester by means of a short lead. As shown in the photograph one 
end of this short lead is clipped to the metal cap control grid terminal at 
the top of the tube and the other end is fastened to a binding post on the 
panel. It should be mentioned that in using this particular set tester the 
control grid terminal of either a screen-grid or pentode tube would, be con¬ 
nected to this binding post by means of the short wire. 

In the cable which joins the tester plug to the set tester are several wires 
which you cannot see. These wires at the plug end connect to prongs in the 
Plug base which are similarly arranged to the prongs found on a tube base, 
whereas, the opposite ends of these wires which terminate at the set tester 
lead into various meter and socket circuits through the switching arrange¬ 
ment. Thus, when the plug is in the position_shown in Figure 1, the wires 
in the cable serve to carry each circuit terminating at the contacts of the 
tube socket in the receiver over to corresponding contacts of the set tester 
socket where the meters are located. This is known as a tube-socket analysis. 

"This method extending certain receiver circuits over to the set tester 
provides an easy means for getting at the various voltages and currents 
since all you need to do, after setting up the tester for operation, is to 
manipulate the proper buttons, switches and dials provided on the tester 
p'^nel for connecting the a-c and d-c meters into the tube circuits and then 
observe the readings. Our diagrams of various tester circuits which you will 
come to a little later in this lesson explain exactly how the meters and 
circuits are arranged and controlled. 

A thing to keep in mind in this work is that all receivers are fundamentally 
alike insofar that certain circuits are directly supplied with potentials 
from the power supply system and such circuits usually terminate in one way 
or another at the contacts of the different tube sockets, whereas, certain 
other circuits mav or may not connect directly to the po^ver supply system or 

to any of the receiver sockets. 
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Tn ehpek Circuits In the latter class would require the use of another test 
the continuity tester, which is described under that subject. 
e^Dl4s'' of circ uits found in many receivers for which a socket-analy sis, 
test su^ as the one illustrated in-Figure 1 would not be applicable,are the 
tnnut or antenna circuit and the output, or loudspeaker circuit. In modern 
set design the loudspeaker windings are connected to the power circuits only 
indirectly through a transformer or a condenser and choke coil combination, 
and the antenna system is in many cases inductively coupled to the input, or 
grid circuit comprising the 1st r-f stage of amplification. 


However in the case of circuits which are included in the class previously 
mentioned first, or circuits associated directly with the power system and 
?hryaouum tubes, they are to be thought of as a number of arteries leading 
into and out of the tubes by way of the tube sockets. For instance, each 
nlate grid, filament and cathode circuit centers at some tube socpt contact 
therefore when these circuits are supplied with potentials the poten- 
tlais^wlll^lr) turn be applied to corresponding electrodes in the tube itself, 
i^;et -is to the Plate, giid and so on. Of course, the circuits and tube must 
be in good condition and the tube properly seated in its socket before the 
potentials will be effectively ioipressed on the electrodes. 


Thus it is easy to understand that by placing a tester plhg in one of the 
^ock4ts of a reviver and the tube in the set tester socket, as shown in 
llgu?^! tL voltages and currents can be quickly and accurately checked to 
cofe^one section of the receiver. By making tests in this manner at ell of. 
ttltube socLts in succession you obtain readings on the meters which give 
you a good part of the information needed for determining the operating char¬ 
acteristics of the entire receiver- 


should be removed at a time, never more, the exception being in the case of 
the socket at which the test is made and,as we have already explained, this 
socket must hold the tester plug and the tube which was removed should be 
n?aced Cthrset tester sooLt. If an .electric set were operated with one 
or more tubL missing from their sockets it would place some additional load 
on torremalning tubis. This would he noticeable in particular with regard 
?o til filLent and heater voltages. These voltages, which are furnished by 
secondary wLdlngs of the power transformer, would go up above norml values 
anr hSL excessive current would pass through the filament am heater 
wires of tie tubes affected and if allowed to persist this might cause perma- 
nent daLgrto them. Moreover, the readings obtained under such circumstances 
woSld not indicate true circuit conditions; if possible, keep all circuits intact 


Electrical tests which involve the use of a set tester are usually ^de with 
the receiver ulaced In as near normal operatlng,oondition as possible, that is, 
with the volume control and tuning dial adjustea in the usual way to bring in 
R Ria-nal Or it may be preferable in some cases to first take a series of 
madings'with the volume control set at its maximum volume position, which 
Sives maximum distribution of voltages and currents through various circuits 
frthe reLiver, and then take a second series of readings with the volume 
control in its normal working position. A comparison of the two sets of read- 
Inps will show whether any radical difference exists between them and if any 
is fo^d it may prove helpful in checking up the possible source of trouble. 
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J' power oporf ted, then before you turn on the operating switch it 
is best to make sure that the set is connected into an electric light¬ 

ing circuit of the proper voltage,a-c or d-c, and if the power source is a-c 
its frequency must he correct for the characteristics ol the power tran^ 
former used in the set. The frequency generated in most of the power 
stations throughout the country is 50-60 cycles and in only a few localities 
will you find 35 cycles or other miscellaneous frequencies used. 


If tests were to be run on a battery operated set you would make sure that 
the batteries were properly connected and that the voltage of each battery 
was sufficient for normal working conditions and, also, if the set were pro¬ 
vided with a rheostat you would ascertain whether the rheostat needed ad¬ 
justing to supply the correct filament voltage to the tubes. Electrical 
testing through tube-socket analysis, that is, measuring voltages and^ 
currents at tube sockets as shown in Figure 1, is by no means limited to 
a-c receiving sets. It can be applied to all types of receivers which in¬ 
cludes a-c and d-c electrically operated sets, battery operated sets, and 
radios which use socket-power devices, such as "B" and ”C” eliminators 
but were originally designed for battery operation. ’ 


Before getting into the numerous details which are involved in radio set 
testing we will cover some of the more general points on service equipment 
and routine testing. Therefore, let us again refer to Figure 1 and use this 
illustration to explain how certain wiring and parts in the receiver shown 
can be quickly analyzed by the Indications on the set tester meters. There 
are three meters on the set tester which read as follows: 

(1) The a-o voltmeter on the left is indicating the a-c voltage 
supplied to the heater of the screen-grid tube. The voltage for 
this circuit is obtained from the heater winding of the power 
transformer which, provides unrectified a-c, commonly called raw a-c. 

(S) The d-c voltmeter in the center shows the d-c potential 
supplied to the tube's plate and when normal value is indicated 
it means that every circuit and part thereof that carries this 
d-c power is operating satisfactorily. This includes the resistor 
or resistors in the voltage divider system which furnish this 
particular voltage and, also, the filter and rectifier circuits. 

(3) The d-o milliaismeter on the right allows you to read the 
value of direct current passing through the plate circuit of this 
tube. The fact that a flow of current is indicated tells you that 
the plate circuit is continuous or unbroken throughout its entirety. 
This circuit takes in the vacuous space within the tube from cathode 
to plate, the primary coil of the first radio-frequency transformer, 
portions of the power supply system, the plate return or —B circuit 
which includes in this case a grid bias resistor and, also, other 
items that would affect the operation of this circuit, such as 
socket contacts, tube prongs, wiring and so on. 


Since the meters on the set tester in Figure 1 are shown reading continu¬ 
ously it is well to mention that by different forms of mechanical construc¬ 
tion in the dials, buttons or switches used to control tester circuits the 
meters can be kept in circuits under test as long as desired. This permits 
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one reading to be taken at tbe same time when the instrument is 
e^iptped with two or more meters. If buttons were used for this purpose it 
‘ wo®jd only be necessary to turn them left or right after depressing them to 
lock them down in position. 

Another thing we should mention concerns the arrangement of binding posts on 
the set tester panel. The binding posts connect to the various meters and, 
therefore, by attaching suitable test leads to certain related pairs 6f bind¬ 
ing posts the different scale ranges of the instruments are made available 
for any external use. For instance, the meters could be used for taking 
voltage and current measurements directly on batteries, socket-power devices 
and for making continuity tests, or for any purpose, of course, within the 
limits of the meter scales in checking circuits which cannot be conveniently 
reached through the plug and tube-socket analysis. It should be noted that 
on certain tester panels you will find pin jacks supplied instead of binding 
posts for making connection to the meters when they are to be used independ¬ 
ent of the tester circuit itself. 

The small sketch in Figure 2 shows a receiver chassis which has been removed 
from its cabinet and is being subjected to a socket-analysis test with a set 
tester equipped with two meters. One meter is used for measuring a-c values 
and the other for d-c values. An instrument like this one can be designed to 
provide the same ranges of a-c and d-c voltage and current values as the 
three-meter tester shown in Figure 1. Multi-scale meters are used on set 
testers and other types of instruments so that each meter may be used for 
measuring wide ranges of voltage or current values, or both. The scales or 
ranges provided, of course, depends upon the practical application of the 
meter. From your previous study about meters you will recall that in order 
to calibrate a meter scale to a new range it is necessary to connect a resis¬ 
tor of specified value either in shunt or in series with the meter according 
to whether it is intended for use in measuring voltage or current in a circuit 



Figure 2 

Let us again review these principles: In the case of current reading meters 
the resistor must be connected across the terminals of the meter or, as we 
say, in shunt with it in order to increase the range. The resistor may be 
located either within the meter instrument case or external to it and diff¬ 
erent sizes of resistors are selected to make the instrument read amperes 
or milliamperes as desired. The idea of the shunt or parallel connection is 
that two paths are furnished through which the main current can flow. One 
path is through the meter and the other through the shunt and the amount of 
current carried by each path will depend upon their comparative resistances, 
that is, the ratio between the shunt and meter resistances. 
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Tn ^1^. however, a resistor must be connected in series 

will fi® 'through both the meter and the resistor* A resistor used for this 
Ipur.joce is called a "multiplier”* The reason for the\series connection is 
ac follows: When the e.m.f. of a circuit to be tested is applied to the ter- 
Eiinals of the meter and its multiplier, which are in a series arrangement as 
already stated, we get a very much higher voltage drop across the resistor 
than across the meter* This is because the resistance of a multiplier is 
always far greater than the resistance of the winding in the meter,and, as 
you know, it will take more of the available voltage to force the same 
current through the higher resistance* The result is that only a very small 
value of e.m*f* remains to he impressed on the meter to make it function. 

So, with a suitable arrangement of switches and shunt and multiplier resis¬ 
tors we can make one meter provide many scales or readings. To illustrate 
the practical use of shunt resistors let us suppose, for example, that a 
certain milllammeter is already provided with two ranges, say 20 and 100 
milliamperes, and that either range may be used by throwing a toggle switch, 
and,also, suppose that by the proper use of other shunt resistors and switches 
we have increased its range to 2 and 10 amperes. These four ranges would 
make the meter very flexible because it could now be used for many purposes* 
For instance, the plate currents of different types of tubes could be read 
on the milliampere scales, and in testing certain types of dynamic speakers 
the current in the windings could be read on the 2 airpere scale, and with 
the 10 ampere range the charging current of storage batteries could be deter¬ 
mined. 


In regard to the proper scale to select on a meter when making any sort of 
electrical tests let us suggest that if you do not know the exact or approx¬ 
imate reading to expect it is advisable before connecting in the meter to 
obtain some idea of values from data on tests or experiments of a similar 
order. Remember that just the least bit of carelessness or oversight in 
improperly using a meter may result in a burned-out instrument unless it is 
protected by some means, Milliammeters in particular are often operated in 
conjunction with a suitable lamp or switch to protect the meter in the event 
of an overload. 


ROtTTIIO) PLAIT FOR T5STING RECEIVERS . When servicing a receiver a good routine 
to follow,until you feel capable of working on your own iniative^is outlined 
in these paragraphs. First ask a few questions of the person who registered 
the complaint in regard to the set and its operation with the hope that some 
information will be obtained that will aid you in more quickly diagnosing 
the trouble. Then give the entire installation a careful visual examination. 
This means that you should look at the antenna and ground wiring and connec¬ 
tions and all parts associated with these circuits, such as ground clamps, 
window lead-in straps, lightning arresters, and so on. Then closely inspect 
accessories of any description that may be used, such as socket-power devices, 
eliminators, relay switches and so forth and note their condition. Remember 
that many service complaints originate from improper installation of a set in 
the first place due mainly to the fact that in every line of work there are a 
few persons who make it a habit of neglecting important details because to 
them the details are seemingly unimportant. 

Now, if everything is found to be in good order and properly connected,, so far 
as you can see,then it will save much time if you next proceed to test all of 
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tile tubes in the set by means of a tube checker or tester unless you are 
equipped with an assortment of knovra good tubes and wish to substitute these 
for the ones in the receiver. Many service men make it a practice when, re¬ 
sponding to a service call to first check the condition of all tubes of the 
set to be serviced before atten5)ting to make, tests or repairs of any kind. 
They do this because they know from ezperince a defective tube can be the 
cause of practically any faulty indication in the operation of a receiver 
and a large proportion of service calls are directly resultant from worn-out 
or impaired tubes. If you have not located the trouble thus far you could 
next check the source of voltage supply which may be either power line 
voltage, a-c or d-c, or the voltage of batteries according to the particular 
installation. 

After you have completed the preliminary inspection as outlined in the fore¬ 
going paragraphs it is suggested that you now make a quick check of the sus¬ 
pected receiver by running a series of electrical tests at all of the sockets 
while the set is in full operation using for this purpose any standard set 
tester connected to the receiver as shown in Figure 1. This series of testa 
can be made with the chassis remaining in the cabinet. If any of the read¬ 
ings obtained at the sockets are at too great a variance with readings that 
should be indicated to provide satisfactory operation of that particular 
receiver then readings which are either high or low will guide you more or 
less closely to the circuit in which the defect may be found. Note that a 
set tester when in operation as pictured in Figure 1 tests tubes under the 
same conditions as exist when in their sockets. 

A sugge sted order for checking through a receiver is to start with the power 
supply circuit which includes the rectifier.Then check each tube socket in 
turn in the order in which the signal passes through the set. In other words, 
after the power circuit and rectifier are carefully checked we suggest that 
you begin with the antenna stage, or 1st r-f amplifier socket, and take all 
of the voltage and current readings possible at each socket in succession 
until you finish up with the power audio-amplifier stage, or output of the 
receiver. By making a systematic check-up with a set tester it can be seen 
that certain important terminal voltage tests can be quickly made to deter¬ 
mine whether power is being supplied to the set and whether the proper . 
voltages exist at various points In the circuits. You should jot down the 
various readings at the time you observe them, it being best to use a special 
ruled form for this purpose about which we will discuss later. 

If,after completing your preliminary examination and socket-analysis test 
as we have suggested and you then definitely decide that the trouble does 
lie in the installation, or power source, or tubes, or loudspeaker, or access¬ 
ories such as socket-power devices if such are used^then it would be reason¬ 
able to assume that the difficulty rested in the circuits of the receiver 
itself. Your next step would be governed by conditions present at the time 
of the test and the nature of the complaint. For example, suppose the voltage 
values you obtained in the electrical tests agreed somewhat closely with 
values that were considered normal for that particular set and the service 
comulaint was registered for "low volume” or "poor selectivity". With this 
information you would naturally look to the radio-frequency circuits and 
ascertain whether or not they are in exact resonance with one another. To 
place the r-f stages in resonance,or synchronism with one another you would 
either have to correct the alignment of the main tuning condensers or adjust 
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the triiniaer condensers according to whatever work needed to he done to put 
the receiver in good operating condition,- As a guide ih deciding when the 
best adiustments are obtained in the process of synchronizing r-f circuits 
o nros-ressive serviceman would use’ a modulated os cillato^ coupled to the 
antenna lead of the set to furnish a steady signal of uniform strength and, 
also, an output meter connected to the output of the receiver to provide an 
accurate indication of maximum output signal current. 


Now, suppose you v/ere reasonably certain from the nature of the complaint, 
or from*any symptoms you may have observed during your preliminary check-up 
that the difficulty lay in the wiring or internal parts of the receiver then 
it would be necessary for you to run another series of tests, called contin¬ 
uity tests. If the set being serviced were in a cabinet it would be necessary 
to remove the chassis from the cabinet for convenience in getting at the 
parts and wiring for continuity testing. A continuity tester consists simply 
of a pair of headphones and a battery, or a voltmeter and battery. Most 
servicemen prefer to use the voltmeter method in continuity testing because 
it enables them to work with much more certainty by judging conditions from 
indications on a meter rather than from clicks or sounds heard in headphones. 


With the continuity tester the condition of all wiring and 
be checked for opens and shorts and grounds and the continuity of the wind¬ 
ings of transformers, choke coils, resistors and so on can be determined. 

If a volt-ohmet^ were used instead of an ordinary voltmeter the continuity 

tester would provide a further check on such parts because it would 

their resistance values directly in ohms and these 

to the correct values specified by the manufacturer of the set. 

mention that an ohmmeter is really a voltmeter whose scale is calibrated to 

read-ohms and receives Its power usually from a battery of suitable voltage. 


Along with your continuity tests in hunting down troubles you will often 
find occasiL to check tuning condensers and fixed condenser_s . Oftentimes 
a continuity test is not sufficient to prove whether or not a suspected ^ 
condenser is O.K. and in such oases other methods must be employed for test¬ 
ing as explained in another lesson on this subject. As a rule 
tests of the major circuits should be made first to determine whether these 
circuits are continuous or unbroken from one extreme end to the other. 


To be sure that you understand what is meant by testing major circuits we 
will go into greater detail. Suppose that you decide to check entirely 
through a certain plate circuit with a continuity tester and to do this you 
pSce your test leads across extreme points in this circuit or, let us say, 
yo^placf one test lead at the plate contact of the tube socket and the other 
test lead at some convenient hut remote point in the plate circuit from th 
first test lead. In other words, try to span or include as much of this 
circuit as possible in your first continuity test. A good place to touch the 
second lead^is at the point of attachment of this plate circuit to the 
sunnly system. Then, supposing your tester indicated a closed 
would at least know the wiring or connections ^ere not open or broken at ^ y 
point. On the other hand, suppose the plate circuit were to test open then 
?ou would proceed to check each component part and all ¥/iring from point to 
poLruntil you found the trouble. An open in a plate circuit could be caused 
by a loose connection, a burned-out transformer winding, or if a plate resis¬ 
tor were used instead of a transformer the resistor might be defective. You 
will also find it necessary at times to cheek plate circuits where the 

^ rs 
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return side contains a grid bias resistor and this unit would be checked 
along with other parts in the plate circuit to determine its condition. The 
reason we mention the latter item specifically is because a grid bias resis¬ 
tor might be located in the extreme —B end of the plate circuit and when 
taking voltage readings you might ^et a reading of plate voltage at the tube 
socket and yet the wiring in tbs grid bias resistor might be open or burned- 
out, The voltage reading in this case would be obtained between the plate 
contact of the socket and the negative B output side of the voltage supply 
system. You can see that between the two points just mentioned you have not 
included that portion of the plate circuit from — B voltage supply to its 
point of attachment to the cathode or filament circuits. So, in this manner, 
you would consider each item in any circuit which you might test, plate, 
grid and so on. 

This proceedure is followed with all main circuits in an effort to isolate 
the trouble and once you know that it is located in a certain portion of the 
receiver you can narrow down'the number of places where you feel justified 
in concentrating your efforts and using valuable time in getting at the ex¬ 
act cause of the difficulty. From our explanation in the preceding par¬ 
agraph you can readily see thdt if an incorrect indication were noticed when 
checking any of the main circuits the one at fault would then be given a 
thorough check-up by testing from point to point along the wiring and con¬ 
nections and checking each individual part as found necessary according to 
prevailing conditions. This work should be done with the aid of a wiring dia¬ 
gram of the set. The manufacturers of many standard sets furnish tables of 
continuity test values which tell you the correct effects that should be in¬ 
dicated on your test outfit. If no readings or incorrect readings or indi¬ 
cations are observed these tables should be consulted for they offer many 
suggestions as to the likely causes of different common troubles and, also, 
troubles that are peculiar to the particular set under examination. 



Figure 3 

Before running a continuity test on a receiver you should first disconnect 
all power from the set, therefore, if a set were battery operated all batter¬ 
ies would be removed and if electrically operated the plug and cord would 
be removed from the socket or wall receptacle. It is also best to disconnect 
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the antenna and ground leads from the set and,before we forget it,let us men¬ 
tion that all tubes should be removed from their sockets during a continuity 
test. 

Radio servicing when boiled down to- a final analysis is a study of cause and 
effect and practically all faults and troubles in receivers are found by the 
process of elimination. We depend on the meter'readings of our test equip¬ 
ment to help us find the cause of most difficulties. The set tester pictured 
in Figure 3 is provided with two meters as you can observe. Remember, how¬ 
ever, a meter indication shows only the effect and,therefore, you should never 
be too hasty in forming conclusions as to the probable cause of trouble if a 
meter indication happens to vary a little from the value given on a data 
chart for the particular test at hand. Briefly stated, every trouble has__ 
its cause and displays a certain effect. It will be found that the majority 
of service complaints fall into a class called general troubles which in¬ 
cludes items such as, low volume, poor selectivity, poor tone quality, noisy 
operation and so on. Again, let us mention that you should familiarize your¬ 
self with the details of the various well-known symptoms and their probable 
causes for the more common radio ailments as explained in our lesson on com¬ 
mon faults and troubles. 

Several examples of causes which produce the same effect are presented below 
in with the more common sources of a-o hum . First,let it be 

understood that a-c receivers have a slight characteristic hum which should 
not be noticeable at a distance from the loudspeaker. Excessive hum is 
usually caused by a defect in either the receiver proper or its tubes, of 
course, assuming that no electrical interference is entering the set from 
the outside. A strong hum is sometimes the result of a defective unit which 
may he either open or short-circuited while a light hum might be due to an 
unbalanced condition in one of the electrical circuits, for instance, from 
an incorrectly wound center-tap resistor, or from a power transformer which 
has developed a defect and whose plate winding delivers a higher voltage on 
one side of center tap than on the other. Other possible causes for hum are 
as follows: 

1. Open,or ungrounded,or otherwise defective center-tap resistor. 

2. Ungrounded,or open grid bias resistor. 

3. Grounded filament circuit. 

4. Defective audio-power tube. 

5. Defective detector tube. 

6. Shorted grid by-pass condenser. 

7. Loose laminations on filter choke. 

8. Defective rectifier tube. 


By systematically checking through outlines similar to the one given above, 
but dealing with different cor(^laints,it will no doubt help you in most cases 
to solve the usual problems encountered in servicing receivers and thus elim¬ 
inate the necessity of making further and more time-consuming tests-. 

Bear in mind that all voltages are interdependent to a certain extent. To 
cite an example: Suppose the voltage at some point in a receiver is zero, 
which for the sake of explanation is, let us say, the heater of one of the 
r-f tubes;then the a-c voltages at the heater terminals of all other tubes 
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‘'i^b^ce as' tbe defective heater will be high. Or, 
to cite anotlier ezaii 5 )le; Suppose the plate of a £45 power tube were open 
and its voltage were zerojthen upon measuring other plate voltages they 
would be found to be somewhat higher than normal. And so, we could go on 
indefinitely giving many combinations of causes and their effects. 

Another thing to keep in mind when testing circuits is that one faulty part 
may cause the breakdown of some other part and when cases of this kind are 
met in servicing you should not only replace or repair the defective part 
or parts but you should also be sure to correct the underlying source of 
the trouble. If you neglect to follow this advice the same trouble might 
occur again in a short time and the receiver would then need further ser¬ 
vicing for the same complaint. When a thorough inspection and electrical 
analysis of a faulty receiving set is made in accordance with some definite 
plan like we have just described it will not only make your work easier but 
it will nrevent delays which would be caused through unnecessary dismantling 
of the set or in taking things apart in general. Let us give you a word 
or two of advice on testing— do not jump at con clusions— on the other 
handjalways make your tests accurateiy^ use any available diagrams, charts 
or tables that will assist you in this work and consider your test indica¬ 
tions carefully with reference to the nature of the cong^laint. If you 
couple this advice with the application of a little sound reasoning and 
common sense you will know what you are doing and will be able to correctly 
diagnose and treat radio troubles, 

USE OF CHARTS AND TEST DATA. In view of the wide-spread popularity of re- 
ceivers operated from a-c power lines the present day serviceman must at 
times make use of the electrical data given in manufacturer's prvice 
manuals or of similar data supplied by the makers of electrical instruments* 
Consequently, we will say a word or two about measurements and the purpose 
of a radio set chart of voltage and current readings which is usually called 
an ^^analytical chart". The use of a set tester permits readings to be taken 
while the receiver is in operation and the readings, therefore, represent 
load conditions, a knowledge of which is, in most instances, necessary to 
locate trouble. These charts are of the greatest value when investigating 
a radio set for trouble when used in conjunction with the radio set tester. 

A sample analytical chart will be found below in Figure 4. By making an 


TABLE OF SOCjfCET VOLTAGE AND CURRENT READINGS FOR AN AVERAGE RECEIVER 

Type 
of Tube 

Position 
of Tube 

"A" 

Volts 

"B" 

Volts 

”C” 

Volts 

Screen-Grid 

Volts 

Plate M,A. 
Normal 

Plate M.A. 
Grid Test 

Y-224 

Y-224 

Y-224 

Y-227 

X-245 

X-245 

X-280 

L.V, ( 

1st E~F 

End R-F 

3rd R-F 
Detector 
Audio P.P. 
Audio P.P. 
Rectifier 

Line voltag 

2.4 

2.4 

2.4 

2.4 

2.4 

2.4 

4.8 

e)=llE 

175 

175 

175 

290 

250 

250 

) 

2.5 

2.5 

2.5 

27 

45 

45 

70 

70 

VOLUME CONTR 

3.5 

3.5 

3.5 

2 

30 

30 

55 

OL = Mazimui] 

6 

6 

6 

50 

50 

a position 


Figure 4 
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flnnlTsis of a receiver a cor^ilete set of readings is obtained, which may he 
analyzed as a whole and measures may he taken if necessary to correct any 
eviStine difficulty. Thus, the measurements taken on set testers in general 
tell the serviceman whether the principal circuits of a receiver are oper¬ 
ating within certain high and low levels of voltage and current values. 

JuS what electrical values are tb'he maintained for any particular receiver 
should be taken from the service data charts and tables furnished by the 
^SufLt^er of the set since values given by the manufacturer are preferred 

to those obtained in any other way. 

When the readings listed in Figure 4 were taken the particul^ radio receiv¬ 
ing set to which they apply was operated under ordinary conditions with the 
volutne control in "full on" position throughout the test and at a time when 
Ihe^^o liL voltage was 115 volts. The plate voltages were measured from 
to cathode grid voltages were meas^^^ed from grid to cathode and 
sc?een-gr?fvClt4gfrlre melsured from screen-grid to cathode. Observe 
that tubes in a similar position in the set show similar readings when nor- 

mal conditions ezist. 

Wa must be careful when interpreting the readings obtained in oip electrical 
tests The values given in analytical charts,like the one■in Fi^re 4, are 
tests. sn average for normal operating conditions and, 

“therSore'' vSuL L Sof^eplesLt ex^ values that you must strive 

Lrviolng a 4ulty receiver. Hence, the electrical values 

that should be indicated on test meters placed at different points through- 
that snouia ue x approximate ones since variations will be caused 

out a receiver can only oe approx measured voltages differ 

by tubes and | from those given in the chart for the particular 

'’^=?v^r"ircuL?!L ?f should not bf l^en as a definite indication of a 
?au?t! Howeve^fany deviation greater than 25 per cent usually means trouble. 

T-p -i-yxa, trainpq recorded on a chart were taken on a set operating on a 110 
volt lile and if the Lme set,or another set of the seme model were attached 
to I ii^vSt line then it is only natural to expect that the measured 
to a 1 X 0 -p-pnTn thoqp ffiven in the chart in approximately the 

voltages would should now be clear that all the 

same ts made up for this purpose are to be used only as a 

values found in chart important for the student to understand that 

voftLfannSr^nt-readlngs^o^ta^ned i^cScking circuits are dependent 
voltage and meters emDloved, but since the values on our charts are 

also on the type of is safe to say that when meters of 

only ^PPT^^^^^^L^make^are used^^the indications will be sufficiently accu- 
any of It is suggested that in commercial servicing 

rate for a Lt un^f test be made on a form arranged 

L tL cSart iS Figure 4. Such a record may prove valuable for 
Similarly to the chart in ^in help you in your work on the par- 

ticular job^at^'hand since individual readings are difficult to remember for 
JiSses of comparison, especially with present-day receivers. 

■oAnTD TESTERS IN GENERAL- Since tube testing and set testing^by analy- 

sis of the ay^Se''now''conside?ed ^L^orth^princi- 

been daily growing in imp r hp of special value to you in your 

5?;.gfs s,r;SiKriri;f.i\'S.Si°Lssg«. cpL.tio« o. 
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^^®eIoh^tLter provides^some convenient means for making the meters 

ss"?s»5“»i«“^ss:isSTsr?5,ra.“;? »ofS Lr™s..». 
irors‘.-inSs:s«.”SSis"s ml i.^ »■> *- 

plan explained in connection with Figure !• 

S^^tfi^ai^cSLrrnsSntTmodel^^S^ 

this purpose* 

^ . _ _ _ . 






i§SVL°»TRis':2-VA*MP^ 


AND PENTODE TUBES • ^ I 


^Wo^ap^^^a^-^aShed', 


UY. SOCKET 


I *C.AMPS. JJX. SOCKET 


MA.T 06 <M.E 
SWITCH > 


mt 






'te8?i5TOD?'?BEE». 


100-20-Z MA. RANSE 
“BINDING POSTS. 


lOOOVOLTS^ 
VOLTMETER RANGE, 

200 VOLTS „ 

Ajc. range. 




5°£.SIff -n, 

rt6?S'^V.).^0 100 M.A. 

A.C.RANGE. 

SET TESTER- 

TUBE TESTER SWITCH- 

s-ampere repla^able--"— 

FUSE PROTECTING TEST SET. 


OSCILLATOR^ LEAD. 
BINDING POST. 




PsS 




•60 V. kSL^^'^E^R^^NGES. 


D,C.MILLIAMMETER^„__ 
Ip^ 100-20^^ MILLIAMPERES. 


COUPLING CONTROL. 


OSCILLATOR^ 
TUBE SOCKET 


BINDING . POST FOR 
CONTINUITY TESTS -WD 
TWO RANGE RESISTANCE 
M^isiWEMENTS WITH 
CONTAINED BATTERY. 


input VOLTAg^ 

REGULATOR FOR 
TUBE CHECKER. 


GRID TEST 
BUTTON 


l^iySciLLATOR FREQUENCY 
CHANGING SWITCH. 

SS^^flEVERSING SWITCH FOR 

’*1 g^®?oM'uAM°4TER, 
igfe’S=gRfD°W 


i'g^sa?T^rsjD''8?vS*^«555"^'s 

FOR* TUBE CHECKER. 


Figure 5 


23-POSITlON SELECTOR 
SWITCH. WITH DIAL IN 
•‘COLORS. OPERATED 
VOLT- OHM-MILLIAMMETER. 
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otjrrpUT i<grE_R 
(fiecnFsTtYPEJ 
lOO/5 VOLTS A C 


EXTERNAL MA.RANGES 
•|00/ 25 / 2.5 MA. 




lOOOV. 


4AMPS.- 


m-- POLARITY flEV^RSINS 

r ^eS'l^^‘='iH^f3?M?LL'rAMMETER. 

r -^BINDING POSTS^POR 

WITH CONTAINED BATTERY, 

R C VOLT-OHM-MILL1AMK«TER 

IOOO/25o7lOp/25/l^OVOlT. 
IOO.OOO/IO.OOO OHMS AND 100/25/ 
2.5 MILLIAMPERES. 


8 AMPS. 


GRID TEST rOR 
SCREEN GRID TUBES 






GRID TEST 
eUTTON 


TESTER PLUG 
4 PRONG 


1000 V. 


250 V. 


EXTERNAL 

D.C. 

’ VOLTMETER 
RANGES 


A.C.MET 

RANGES 


. ORTA.C. volt-am? 
MiLLJAMMETER 




\ fC0NTR.6.\ fcONlT.) (V^^\ 

Wwi) \TboovJ \ 10 V. Mio.ooo }\B.p.f 


100 V.) ( 100 V 


’.) (lOOOV./ 




V ® /' ;v 1/ a \ /A I 

(^m:) (. 0 §v.) (aiv.) (25% V.) (a^ov.) (lov.l 


Figure 6 


few of the tests that my ll^^of^^est^tha?olrhe’^r^^with^thriester 
LU now H 5 ;"i??^;,enrsoo^els of r?aaiHat and the tube inserted in 
rprSpe?^soche/ir?hftester are as follows: 

ae db 10 Tolt range of y+^y“nge^of°the a^'^voltmeter would give 

Dltafes, and the 4 , 8 , or 16 volt range of the a^c^^^ voltages could be 

Dtti heater and +^?«Tic'e of the d-c voltmeter, .To provide hias 

aad on the 850 ^ u w^ld uL either the 10 , 25 100 or 

oltage readings at according to the circuit conditions. 

50 volt range of • ^"?hlsp tests would he read on the 50 volt scale of 

hft cathode voltages in these te tmTtflffss vou would connect in one 

II d!r°o?tmeter while for control Tlx ± 100 volt range, 

f the scales on the d-c ’ 2 5 or S 5 m.a. range of the d-c yclt- 

creen current could he rea 25 *or 100 m.a. range of the d-c millian- 

llliammeter, plate current on „-|j also he used to measure the plaoe 
.eter, and -mvf reSif?ef tubef givS s?ml?aneourrLdings o‘n both 

lates. . 

,ther tests which maKe use of the meters Jposef%he te^^circuits 

.inding posts are tubes; provide resistance 

Lng typical metering equipment. 









lle'^siirement of tHe a-c 

„„„ Tneter in Figure 6,while the hi^er ranige, or ICOO ^olt ^ct^xc ^ - 
used to measure the a-c voltage across a power transformer secondary 
?nffrL itroLter tap. One of the ranges of the a-c r.ieter, either the 
4 ^8 or 16 volt scale,would he used to read the heater voltage at a power 
pack! ?he plate current In any portion of a receiver could be measured at 
Various "B"^supply taps by using either the 20 or 100 m.a. scales of the 
c milliainmeter• The d-c voltmeter would provide reaaings of the B 
S^pp?^at^wer^acks by using either the ± 250 or ± 1000 volt range. To 
r'hSpV the condition of all types of - radio batteries,known as ^ ® 

Ltt2r?e^ yoS woult use one of the d-c voltmeter scales, either the 

10, S5., 100, or 250 volt scales. 

^r\ meke a continuity test of a complete circuit or some individual part of 
TciSuit thfcontSuity test circuit would be put 

conSsts of a self-contained 4.5 volt battery arranged in series with the 
d c voltmeter which can he operated to provide a resistance of either 1 

°r trm:s^\cLr":re^r^;diS -uir^r^etegin^^^ ^^elJr^a 

the line current input of an a-c set on the 4 ampere range of the_a-o 

rrrSe^of°tK 

be employed. 

When a service call is answered and it is found that 

iJ'SSSf r/Jkf.S\“*l.*”nofi» 
s^re^St^to Lrve as a guide in making fine adjustments,then the modulated 

h^f coiSep "t^sf^tgirJnd with! 

with a Llf-oontained current transformer for checkingthe output of a set, 

bi:rmitrair?il^rfLd^\%^S-^ 

tained from the a-o line. 

f al^^TLsLr^such^as^the ^nrpictured in Fi^re 6, shows that 
meters are actually rec^uired because each meter is equipped with a mu 

^c^lfdfal. .or e.amp!e: The a-c meter r^ 

ircr:caLs"::iihfatii’fo;^o:io-:ooo and o-ioo.ooo 

also 0-1-2.5-25-100 milliamperes. . A second meter, which 
ameler, ha^ two ranges reading O-2'O-IOO milliamperes. 
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Figure 7 

lothpr instrument that provides a great many combinations between its 

e other pin jacks OTjaraLrooSaS^^L the ilstru- 

aich access o? Srnanel you see the oscillator 

^rpll^fan^ 

modulated are a number of miscellaneous parts, 

-rfs%estTr^L°or?oirt:!’^"lus with cable attached, adapter. 

_ ^rr 


Another standard type of set analyzer which is provided with but 

and a selector switch to connect the various meter ranges to 

i e? illustrated in Figure 7. You will observe that only two scales are 

nrinLd on the meter dial but 22 ranges are available since IftH 

are read by merely multiplying the pointer indication by 10 or 100 

case may bL This instrument is a Supreme set analyzer having 

for readings of plate current, grid current, screen-grid current, plate 

cu'^rent of 280 rectifiers and so on,and six ranges each are available 

d-c plate voltage, d-c filament voltage, cathode voltage, control-grid 

voltage, screen-grid voltage, the a-c voltage supplied to the 

280 rectifiers and so on. All voltage 

available in the following ranges: 0-3, 0-9, 0-30, 0-90, 0 ^ 

All current readings, both a-c and d-c, are read in milliamperes in the 
follo^ng ranges: 0-3, 0-9, 0-30, 0-90. 0-300. The various pm jacks lo- 
cateroS thrianel serve to make connections to the meter ranges for use 
?uexternS testing. A single meter which reads both a-c and d-c values 
like the one in Figure 7 has a copper oxide rectifier incorporated in i 

design. 

































iunroer leads, screen-grid leads-'and so'‘'Oni '.'a^^-:Or ,•> • 4 . ■ 

Sing various tests. When this analyzer Is plugged Into .he last audio- 
amplifying stage of a receiver and the proper switches are manipulated the 
action of the milliammeter on the panel is a fair guide as to the de^ee 
of distortion in the audio circuits. Vfhen a signal is coming through the 
receiver and its circuits are functioning correctly the needle should re¬ 
main steady regardless of the fluctuation in signal strength. If t 
needle should deflect upward with the signal impulses we would know that 
the ”C" voltage was too high for the "B” voltage being used, or it 
he the other way around, that is, the "B" 

low for the "C” voltage being used. Remember that a test of kind gives 

araccurate guidi of fircuit conditions only when the tubes in the recelTer 
Se in good fonditlon. If the reading on the output meter gave a notice- 
able deflection, by considerable movement up the scale under such con i 
tioL: yorshould proceed to make adjustments in the case of an electric 
set if any adjustments were provided, to obtain normal results. An un 
satisfL?o?y indication on the output meter when it is connected to a batt- 
ary operated set would most likely be due to worn out batteries and if such 
wal found to he the case then, obviously, a renewal of batteries would he 
in order. Let us suggest that whenever "B” batteries are replaced it 
good plan to renew the "C" batteries at the same time. 




0%^ 



Figure 8 

i-u ^-ion-no-m i-n Fiffure 9 ffives the circuit connections and parts in a Jewell 

•he diapam in figure 9 gives ^ a better understand- 

let analyzer model 199. This dia^^ i-t shows the method of arrang 

,„g of your work in servicl^ receivers since i^ available for 

.ng switches or ^uttons tMs Jewell set analyzer is given in Figure 

•arious tests. A front -hn+tons lust referred to for obtaining 

.0. It shows the different push buttons just reiei 












Figure 9 


Figure 10 


readings on any desired -nge provided^l>y^the^two^meters._J 

meter is located on the +ug right is the d-c meter which 

meet the needs of |"°g^^^^^_30o!g0o‘volts and O-lS-60-300 milliamperes. 

has ranges OOO ohms per volt and consequently it draws 

The voltmeter's resistance is 1,000 otos per vox^ ^ without 

but such a very small current t^t bat tfry shown at the upper 

right can be easily replaced f H ^i^ed in the analyzer 

the 4.5 volt binding P°®^® * tuv,e is mde the battery is placed in 

circuit that when a grid wVi-ieh causes the grid potential to shift 4.5 

series with the grid + change in grid potential to affect the 

volts positive. This IS sufficient Change in gria^P^ ^ 

electron stream passing to in a general way whether or not 

definite change in plate current ^^f^“o®/pnrposes outside the 

a tube is in good condition. Of cowse^^for all-around per- 

soope of radio servicing it ^y . . ^ nnd in this case it would be 

^°=y°L,'^Sesf lL^^°condItLrortL tube in terms of amplification 
constant and mutual conductance. 


. mnstrated in Figure 3,which has been referred to before. 

The set analyzer t_4. Zpsts as we have just mentioned 

may be used to m^e routine *^f:®°®^®^.nu!S test circuit which may also 
and,in addition,this ■*'?®^®^^^®®/thrfall of potential method. To find the 
be used to measure resistance by the f i oi meter pointer, the meter 

resistance being measured at any g ^oj-tioalar set tester, which is a DayEac 
reading is noted and ^ determined with a good degree 

instrument, is referred to- and the resistMoe a voltmeter- 

of accuracy. When testing . jo^y ta noted as follows: The fila- 

mllliammeter and a-o voltmeter p^ate voltage, the grid-bias 

ment or heater voltage, either a-® ® screen-grid voltage of screen-grid 

voltage, cathode f aL,also!the readings 

tubes, control-grid voltag -h -ia to set a rougli cbecic on tube con- 

sins™ o“S.’s.r.! Of toi ^ 
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is used to select the proper scale of either meter and no reading is had 
until the meter push-button is depressed. This eliminates the possibility 
of damaging a meter by operation of the selector switch. On the d-c meter 
are the following six ranges: 0 - 20 - 100 - 200-600 volts and 0-20-100 milli- 
amperes and on the a-c meter are fpur ranges: 0-4-8-16-800 volts. All 
ranges of both meters are available externally through tip jacks at the 
lower edge of the panel. In addition to the above tests, the tester my 
be used to test plate voltages of the heliiun. non-filament type rectifier 
as well as the 280 and 281 filament type rectifiers. 


DE TAILED EXPLANATION OF A TyPICAL SET TESTER AM ITS USE^ The first part 
Of our lesson contains sufficient instruction about set tester equipment 
and practical diagrams to give you a good general knowledge of the subject. 
Now we will go into a more detailed discussion of one t 3 rpe of set tester 
to explain just how it would be used in practice and what tests could be made 
with it. The instructions, therefore, in this part of our lesson have 
been written in considerable detail because of the many factors involved 
in radio set testing. For this purpose we will use the diagram in Figure 11 
which illustrates one type of Weston instrument. With the circuit in 
Figure 11 the various a-c and d-c voltages normally supplied by batteries^ 
or electric power supply units to operate receiving sets can be measured 
and the tubes can be tested under the same conditions as exist in their 
sockets. This diagram illustrates the use of bi-polar selector switches 
and dials for connecting in the various meter ranges with circuits when 
making tests. Also, the diagram shows how the wires in the cable attach¬ 
ed to the tester plug go to the contacts of the UX and UY sockets and to 
other parts of the tester circuit. 



Figure 11 
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Sev2S adapterrare shown which are needed to make tests ^ wav^of^arrang- 
of 4 and 5 hole sockets. This is a practical example of one way ol arra g 

ing the component parts; such as the shunt and 

-hv circuit, the grid test consisting of tne ”C” battery ana 

switch in the upper left corner which is used for determining the general 
Condition of aTL and. also, the group f binding posts ground the 

nanel which allow the meters to be used Independently of the tester i^seii 
LfmeLurement purposes, of course within provided hy the 

meters. When using the binding posts the tester plug should not be con 
nected to the radio set. 

AS indicated on the diagram in Figure 11 fere are ff| “f 
provide readings. The two switehes.marked dial #1. f 

so that the meters cannot be connected across any r.^ in 

ILrandPhencf for all readings on dial #S, dial #1 must be placed in 

position ”SW. #2.” 

ThP a-c voltmeter has the following ranges: 0-4-8-16-150-750^volf.y 
of the three lowS* ranges can be connected directly across the filament 
?Lmf alf ol thrtester plug by placing the selector f 

■nowa n With the 150 volt range you can measure a-c line voltages and 
with the 750 volt Tange the high a-c voltage of power transformers can 

be checked* 

/i-f* voit-miinammeter in the center of the diagram_has 8 ranges^as 
fniiowT^—0-5-10-50-100-350-750 volts and 5 and 100 milliamperes. The 

be used for cathode voltage ^eadf gs;and the 5 vft range is especi y 
suited for use in making continuity tests. The 5 milli^pere range ^ 
suficienhy low to provide good readings_f screen-gfd current of screen 

has two ranges, 

SO^and 100 m.a., either one of which may be used by placing the ogg e 
switch in the 20 or 100 positions. 

in the power supply system. 

Each step in this =heck-up of a troufesome receiving sff^s^ex^ 

the following paragraphs accofing to a pfn we wiix better 

from a plan of some sort, such thf our fuf 

able to understand the numerous ° 4e various receiver 

iS- Z.TS o„ t.„ r„no.ln, page 
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Checking -Power Supply to Radio Set; Testing Batteries, 
Eliminators, Power Packs and so on. 

Checking Receiving Set Circuits. 

a. Rectifier circuit analysis. 

Plate ” ” 

Grid (control) " ” 

Screen-grid ” ” 

Cathode ” 

Filament-Heater " ” 


h. 

c. 

d. 
e* 
f. 


3, Tests on Tubes. 


Receiver are being supplied with their proper operating voltages. 

roLSowerd^vi^Lra!c°Sr1-rLSS5^fe%or^ 

ever source of power supply was being used to operate the set. 


TO make these tests the voltmeters in the diagr^ in 

independently of the tester circuits and, therefore, the tester plug i 
nortrbfinLrted in any socket of the receiver at such times. 


i isv‘H 

c^rcuifor the voltages at oLc^itftice 

cLncfs'on ^eceivl^ Voofn^lf rISemberfi iLlTt IS d-f work 

wh^aSven ?Xus binding post 

would SovidftL^Lle desired, 5 or 10 or 250 and so on. 


§:• £"o«sa?arLaaaLrai.s=&e*f: «iL..s .m 

get their correct working voltage when you test a oattery- set. 


el; aKSr,aaafiaSjf 

rL'sETirarim^ 
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ni50« respectively, and, of 150 volts. The test leads 

voltages in any circuit when | posts "+" and "750" respectively, to 
would be attached to the IraJef^mers up to 750 volts 

measure the high voltage of ^^^^ervice work you will meet many sets 

either side of center tap. oneration but that are being 

that were originally designed for ^ lines. If you find,when 

powered from socket-power is a radical departure from 

testing radios in this iJSes a defective tube, or im- 

the specified current Stages of the radio. The latter 

proper relation between the "B" ^d o vox^ | attached to radios 

L not an unusual trouble where ^ocket-power^evices trouble is en- 

originally designed for battery p o^-!„gted to the proper value for the 
countered, the "B" voltage iill be subjected to strenuous usage 

rlproduckon^l?rno;:^e Ltisfactory in quality. 

In the case of an alternating-current radio^et^the^input^to tbejower ^ 

?r?fe^4xfst?riiL“rolfa 

adjustment of this ^tlins^and fuse for connecting the line supply to 

switch or two sets of fuse clips nnwei* transformer input. It is 

SiW oj 1» jw; »";gs;Vo SJ.ToS«.S s ioo to £» .oit. 

««r you «. ttot acr^l «“;|! *• “« rS^loS/SllnrSS" 

r„mle soutoo, .ItotB.r It B. Tt ih. ?.rtoot olroults 

s ssir=?/r«“.s£r«tB“.Brt-.ofirSr ^ottto„ o,». .... .= .. 

previously explained. 

Bectifler Circuit A nalysis.. The ®l®ttiMer tube ^d^placin^it^in^tL^ 
tT^fUirver is "™"|hS\nIertS thf tel^er'^plug in the 

rectifier's socket. Ir krst turn dial #1 to position marked 

tested with the circuit in Fi^gure ^“^BE-lOO M.A." and, also, set the 

"SW. #2" and then turn dial #2 ^ RECT. ^ diagram, to 

milli’ammeter toggle s’f^tch, shOTO ^til^the dials are properly set 

100 m.a. g°fgste^ plug in the rectifier socket and the tube 

should you insert the tester piug 

in the set tester socket. 

When running a test like this °”® ®’^|fyg^t'"olr^ent^outpurof the tube if 
the milliammeter would be the ,01 type; but if a lull-wave 

it were a half-wave of *80 type which has two plates 

rectifier were being "tsstea, or w-ni indicate the plate current in one 

and two filaments, the tedicatf ?he current in the orher_ 

p^Lfand the meter fS!-wave rectifier tube in 

Diate. Hence, to get the should be added. A tube in gooa 

otM. 01 p.rl..po tl» vol..g. o» one P e.e 

is quite different than the other. 
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ment voltage of any type of tube. 

The „ctin» ‘ j;S“ ;rfSis‘?a*rLS;i"yroS"bf 

units. For example, if all reading ^ ^>,q nower transformer 

furthermore, that the tube Is in good condition. 

The next step,after having ^t^ally^be^to’^check'tL voltages 

c^^rerts%^P ftf C-.o-t^LYa°ersS^Lri^ 

S°?n °thf order in gich f al tfe ^nteAna^^r^r^Led 

Ih^oifthe Receiver frL socket^o socket ending with the output or power 
audio-amplifier stage. 

rh^ Plate Circuit Analysis^ J'-^'^%?ncr?L^urrenrflorin''tSI circuit 
very good guide to general~conditions tube*s electrodes. The 

is the result of toe ®^^g“^_c^mllliammeter gives the value of 

plate current reading obtained on the Diate circuit connecting to 

this current normally is being ^ ^der the several factors 

the particular socket at which a test i voitaee erid voltage, 

then existing which govern voltage and so^on depending upon 

filament or heater voltage and screen-grid voxuage aim tubers values, 

IL type of tube used. 0^eiatloS%rpLt“rInf ifo^norLL By reading 
found in testing^is the deviation of ^ chart or if one is not at 

the values given on a cSarlcterllwcf as a guide in 

hand then you could use the table of tube onarac^^ 

SfatfSnfLfsr?S". or you could refer to our table of values. 

When using toe circuit in Figure 11 toe plate current is read switch 

20 or 100 m.a. range of the d-c millimeter by^setting^a^^^ 
used for this purpose to whlc a. more accurate reading is 

ISTyi StSSi on -Mon tn. gn„ter dotlootlon of th, 

meter^s needle is obtained. 

The student should understand ^lo'^have^toe «C'’^voltage properly 

plate voltage m mike our point clear, suppose 

proportioned to it. To cite ^ e^p volts instead of 180 volts, no 
the plate voltage on a 171 Ilf relult providing toe grid 

noticeable difference in set I current value a little under 

voltage was reduced a gif L?s rllult would require that 

20 mllliamperes would 40.5 volts for a 180 volt plate 
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What it is supposed to be under the conditions^existing^at^thejime^o^tte 

test and for the tube being used the ^ It will be found that 

iec^ealing'^tofIrirpotenSal^a^lied to a t^^^^ SelloSabLincrLsr 


in making a check on the plate "upply ^ui^uuits^of^sets 

noticed that a voltage reading «i 7 »on-?t will be less than the reading 

places a load on voltage supply circuit will^be less^t^^^.^ 

Obtained with the tube out oX its socKe^ there is a certain IR drop, 

The reason for this taee drop, in any circuit through which 

or current-resistance drop, | n^„ supply device. As a rule when 

current is flowing and this for evLy mllliampere drawn 

this voltage drop is much Sweater L adlus^thl voltage of the power 

by the tube then steps ^ will require the replacement of 

g*sfa:nf£ iLSSc^s. «>. «o.i?yi« tub, 

need replacing 


in most socket power devices means are provided for adjusting plat^v^ 
tage to any -"^ue specified for a certaan^tube_or^socket^^ 

^®®^^ 4 .?^^^ 2 J?^ll®L^either"B^ 250 "or"B 750"according to the scale de- 
grK"SI,S*i/kS .h/o„e on .Mon «.o oolt.g. .» n. r..o 

with the greatest accuracy. 


E<M 0 of th. .or. oo-on ‘"“f” »*' g|^“Sr.ST§S.M?5fSoSlIf.r 

obtained on the plate voltmeter . - ^^pen series plate resistor; 

c^efurL^tSelfate ^ 

^omlctlofwitflhrLLercontacts; shorted by-pass condenser; or weak 
or exhausted batteries. 


, . • T 4 o Njrho i'Via'f' this smalvsis deals with the grid in 
(r.) Grid Ci rcuit Analysis^ Note toat tnis ^^g^trode or screen- 

three-electrode tubes" ^cl the c nt ^ ^ circuit that is supplied 

grid tubes Which in either case,isthe^grid^^d^circui^ 

Zilltlyl mIs'L ^hflrid With reference to the filament or cathode. 


TO read "C- ^as voltage wit^the circuit in^"^i|ure^ll^set^dial^#l to^the 
position marked "Neg. C 50 whereas, if the 100 volt scale were 

S“a(2a SK S"notu.lly r..d’o» th. 10jolt „ng,) th. Indlo.tlon 

mult be multiplied by 10 to get the true reading. 


Suppose, taking a measurement of^tte fil^ent^voltage^ 

operated set the voltmeter igdi t be made with 

dLf#2 at "C-Io A Rev- alter first setting dial #1 to position marked 
ngw! fl- lich is done in order to use the 50 volt scale. 
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It is to be understood that a grid bias reading gives the d-c value of 
grid voltage at its point of attachment to the filament circuit which is 
usually the center tap on a resistor connected across the filament in the 
case of a-c tubes of the filament type. However, for conditions in heater- 
type tube circuits which use tubes with 5-prong bases the bias reading is 
the grid voltage measured to the cathode. Then again, for conditions in 
general in a battery operated receiver the bias reading on the voltmeter 
is the grid voltage with respect to the positive side of the filament and 
in this case in order to get the true bias it would be necessary to sub¬ 
tract the filament voltage of the tube from the observed grid voltage. 
Hence, the use of the "A Rev” provides a reading which is the true voltage 
to the negative side of the filament. 

In receiving sets which use batteries for supplying the bias you 
should get practically the same grid voltage reading with the tube in or 
out of the socket because normally there is only a very small flow of 
current in the grid circuit. However, in the case of a receiver that gets 
its grid bias from the voltage drop across some resistor the tube must be 
in its socket so that current will pass through the resistor. 


To check the control grid circuit of a screen-grid tube the short lead 
shown at the upper right in Figure 11 should be connected, to the metal 
cap or tip of the tube and the long lead should be attached to the tube 
clip in the receiver to complete the control grid circuit to the tester. 
After these connections are made the dial #1 should, be turned to position 
nSW. #S” and dial #2 to ”CONT. GRID —5«or ”CDNT. GRID-100.” If the tube 
imder test is being used as a screen-grid amplifier the voltmeter needle 
will give an up-scale deflection on the ”C0NT. GRID —5” setting but if the 
tube is being used as a space charge amplifier the needle will give an up¬ 
scale movement on the ”C0NT. GRID -100” setting. When checking the control 
grid voltage of screen-grid tubes you will find that the voltage under 
normal conditions is usually very low, or about 1 or 2 volts. 


When analyzing from the detector tube socket of a receiver that employs 
grid-leak detection only a very small value of grid voltage will normally 
be obtained becaxise\ the high resistance of the grid leak cuts down this 
reading. Therefore, if it is desired to get a true grid voltage reading 
when working with this type of circuit you should temporarily short circuit 
the grid leak. If a voltage reading were not observed on a tube some of the 
more common places to investigate for locating the source of trouble would 
be a poor grid contact in the tube socket, open in a grid, bias resistor, 
open in a grid suppressor resistor, or an open in a transformer winding. 

It may be noticed sometimes in checking tubes other than screen-grid tubes 
that grid current is present in amplifier tubes by the deflection of the 
needle to the left of zero on the center meter whenever the switches are 
set for screen-grid current. Assuming that grid current was observed it 
might be due to a gaseous tube, or perhaps to an oscillating or unbalanced 
condition in the circuits- 

(d) Fi lament and Heater Circuit Analyses. If the receiver under test is 
operated from batteries,or any d-c source the filament voltage at each tube 
socket would be read with the circuit in Figure 11 by setting dial #1 to 
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or ”A Rev” to give an up-scale deflection. The a-c selector switch 
should he in the ”OFF” position at the time and the reading would be ob¬ 
served on the 10 volt scale of the center meter. 

In the case of an alternating-current set the a-c filament voltage would be 
read on the a-c voltmeter by setting the selector switch to the desired range. 
As a matter of suggestion it would be best to use the 4 volt a-c range when 
checking 224, 226, 227, or 245 types of tubes and the 8 volt range for 112, 
171, 210, or 250 types of tubes. 

It is especially important not to have the filament or heater voltages 
abnormally high or low. If filaments or heaters are operated at a low 
voltage the emission will be low and this would result in low volume or 
no output from the receiver and,on the other hand, if excessive voltage 
is applied the additional current carried by the fine wires In the tubes might 
cause them to burn out in a short time and the life of the tubes, therefore, 
would be considerably shortened. While no exact statement can be made re¬ 
garding this point we might say that no harm will be done,or the operation 
of the set will not be seriously affected if this voltage is maintained 
between normal and a value not less than 7% or S% below normal- 

Always keep in mind that tubes of the three-electrode type are completely 
connected in circuit when they are placed in the set tester socket and the 
tester plug is in the tubers socket in the receiver. However, tubes of the 
four-electrode or screen-grid type require the attachment of an extra lead 
to the cap on the metal tip of the tube and the connection of the lead in the 
set which ordinarily goes to this metal tip. Thus, it is obvious that no use 
is made of screen-grid leads when checking three-electrode tubes. 

Ce) Cathode Circuit Analysis. To obtain a voltage reading of the cathode 
bias supplied to a tub"e ydu^would set dial #1 in Figure 11 to the point 
marked ”SWITCH #2” and then set dial #2 to the point marked ”K Neg.—50” 
or ”K Pos. —50” according to v/hlchever gives an up-scale deflection and 
then observe the reading on the 50 volt scale of the center meter. 

The cathode voltage employed in a tube is measured with reference to the 
heater. Hence, in receivers where the cathode is connected directly to the 
heater the cathode voltage naturally will be zero but on the other hand in 
receivers where the cathode is grounded through the grid bias resistor with 
the heater connected to some point in the circuit whose potential is posi¬ 
tive the cathode voltage read on the meter will be negative with reference 
to the heater. There is still another indication that may be found when 
testing various type of a-c receivers in which the cathode will read posi¬ 
tive in reference to the heater and this result is obtained in a circuit 
where the cathode is grounded through the grid bias resistor with the heater 
grounded. You should now understand why reverse readings may be obtained 
where cathode voltages are concerned and that the switch should be placed in 
the position that will make the needle read foward on the meter scale. 

Cathode circuits are seldom the cause of radio troubles but if a cathode 
voltage reading should be materially different from the value specified 
for the tube and the tube socket being analyzed it would most likely indi¬ 
cate that the biasing resistor is short-circuited, either partially or 
completely. Let us add that if you encounter some particular case where 
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no means are available for obtaining a check on the cathode bias and the 
bias was incorrect or there was none at all the effect of it would probably 
result in an excessive hum being heard from the loudspeaker. 


(f) Screen-Grid Circuit Analysis. When analyzing screen-grid sockets the 
readings' obtained will indicate toe positive potential on the screen grid 
with reference to the cathode when the tube is of the cathode-heater type, 
whereas, for filament type tube the reference point is the filament of the 
tube. Let us repeat that to place a screen-grid tube in operating condition 
you must connect the short lead on the tester to the metal cap on the tube 
and the lead in the receiver which ordinarily goes to this cap must be 
clipped to a terminal on the tester plug provided for this purpose. To 
take a reading with the circuit in Figure 11 turn dial #1 to ”POS. C—lOO” 
or ”POS. C—50” and read the value on the 50 volt range of the d-c voltmeter 
directly,or for the 100 volt range it would be read on the 10 volt scale 
and whatever value was observed would be multiplied by 10 to give the 
correct reading. 

In regard to screen-grid current it can be read by setting dial #1 to 
”SW. #2” and then turning dial #2 to “SCREEN 2.5 M.A.“ which connects 
the 50 scale-range of the center meter to the circuit and, hence, to get 
the actual reading the needle indication must be divided by 10. 


('s') Tube Test. To get a rough check on the condition of a tube a test^ callec 
a" “griH test'”^is made by simply causing the grid bias to be decreased by 4.5 
volts which is the voltage of the small battery contained in the set 
tester. To make the test you first note the reading on the d-c mllliammeter 
in Figure 11 and then depress the button marked “GRID TEST” to get a second 
reading and if the tube were in good condition there should be a definite 
increase in plate current due to the lowering of the negative bias. The 
amount of Increase will vary for different types of tubes and Just what 
change in current should be expected for any tube is determined from a chart 
especially prepared for this purpose. A chart of this kind is given in one 
of our lessons on radio servicing. It is to be understood, however, that this 
does not represent a complete check on the characteristics of a vacuum tube 
inasmuch as it only shov/s the control exercised by a change in grid potential 
over the amount of plate current passing through the tube, but this can be 
accepted as a fair guide in most cases in telling whether or not a tube is 
good enough for use. When employing the circuit in Figure 11 a grid test 
nf* screen— grid tubes Is made by first measuring the control grid bias by 
settinnial V to "SW. #2" and then setting dial #S to '-C0NT. GRID -5." 


■PARTE REQUIRED IN THE ASSEMBLY OF A SET TESTER. A small and compact set 
tester circuit which would be suitable for making various tests on receiving 
sets and checking tubes and measuring the voltages and currents in a-c and 
d-c circuits within the ranges of the meters is shown in Figure 12. For 
those who would like to assemble such a circuit we have given in the list 
which follows the diagram a description of most all the necessary parts with 
the exception of the panel on which the parts would be mounted. To m^e it 
easy to identify the parts we have numbered them on the diagram according 
to the numbers appearing opposite the names of the parts in the list. 


From the many photographs and diagrams of typical set testers illustrated 
in our lesson it should be easy for you to settle on some panel arrangement 
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for the location of the parts that would be to your own liking and the wiring 
could be made in any convenient way so long as the connections were elec¬ 
trically correct. Always use rubber-covered wire in making connections on 
test equipment,and while we are speaking of this matter let us mention that 
this is a good rule to follow at any time if you have occasion to replace 
wiring in a receiver; that is, use only rubber-covered wire. The dial which 
controls the circuits and the binding posts are plainly marked so that if 
ever you were to actually use a tester of this particular type the manipu¬ 
lation of it would be found to be very simple after handling it a few times 
in running tests. It is important to mention in this connection that the 
cost of the meters and other parts required to assemble test equipment of 
this general type often amounts to nearly as much as the cost of a standard 
commercial instrument and, therefore, we would not urge you to go about 
building equipment of this type without first considering this point. 
Furthermore, in most cases where many shunt and multiplier resistors must 
be used to increase the range of meters it will be found that factory built 
set testers will perhaps give greater accuracy of readings than testers which 
are not built as a unit and, moreover, it might be possible to run a greater 
variety of tests with commercial set testers because of the special circuit 
arrangements which they employ. 

All of the parts and instruments of the three-meter set tester shown in 
Figure 12 may be easily obtained; a description of each item is given in 
the list appearing at the top of the next page. 



Figure 12 
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The parts and the Instruments in the set tester described in the diagram 
In Figure 12 are listed as follows: 


No* 

n 


n 


tf 

tf 

TT 

t? 

TT 

!t 

tl 

n 

Tt 


n 


1 * 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 
17 


1 

1 

1 

1 

1 

4 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

11 


IT 


tt 


Weston a-c voltmeter model 476. J^s^^‘ 

« d-c voltmeter model 301* O-S-^OO volts, 
bi-polar switch with resistor for aboje. 
d-c milliammeter model 301. ^ 

shunt resistor for above for the 150 m.a. range 

push button switches ^.D. 63395. 

" filament selector switch and dial. 

■Resistor unit for meter range 72,000 ohms. 

Resistor unxu ^ 600,000 ohms. 

„ „ n « tt 80,000 ohms. 

„ „ M » » 12,000 ohms. 

Weston five-strand cable and plug. 

« adapter fotir to five prong. 

Eby UY socket- 

n UX socket. 

« UX socket. 

Double-pole double-throw switch. 

Binding posts. 


11 

* Note that the numbers in the 1st column, from Hos. 1 to 17, identify the 
parts on the diagram in Figure 12. ------ 


. COMPLETE EXPI ..AHATI0N OF A — 

done in servicing and repair s es present-day radio sets. 

a tube tester which service man and with which 

k test panel that could in Figure 13. This is the front 

numerous tests could ® arf approSLtely 12 ^^ by 18 Mt makes 

view of a test p^el whose a work bench. The parts and in- 

a very convenient size nanel are obtainable from the Jewell Elec- 

struments needed to assemble th panel ^ panel you will find 

trloal Instrument Co. p ^ Hf vou closely examine the various 

the actual assembly to be diagram is given in Figure 

accompanying ”l|h^he parts mounted is shown in 

14 and a photograph of the near view wit '^ 3 ^ 01 . strip which supports 

Figure 15. The view in Figure 16 shows the resisw^ view in Figure 17 
the various multiplier and ®hunt resisto ile After having 

illustrates how panel appears when complet^y ^ typical set 

finished studying the detailed descripbio markings on the 

ri^^Sglo^fs^airpStfinri^i^e^lfw^^t^ach one is intended to he used for 


An explanation of the futures incorporated^in^this ^type^tester^pge 

SlcussircInLrs^hLfly around the different meters. 


The wiring is so arr^ged fayo^^of^the -ters ^hh/^-.^^^^'^Shserve 

^tfaf elL°L?ef his^f cSSlete sit of fig-- ^^^Lftionr^ 

-fL^rio re°mift?pger^y“ire Se^or^a^tor to get the true value.that i= 
all values can be read directly. 
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Figure 13 


si?S?S ^iS'tsrsugSt^o? s'pi*» iSJnSSK* «“»=. 

transformers. 

me d-c ,|^_u3Cd^ro._.eaaurmg ?o? TeaS^^aL 

ri'd-c mltefwhrnfhL ?wo °oiSge ranges of 0-300-600 volts and the 
meter is especially suited for checking ”B” or plate voltages since it 
meter -.qqq qu^s per volt. A switch for reversing the volt- 

in screen-grid sets. 

St f^5r-£SoJS/"^fSo:5Sl’2S1’=o:5S SS g1/SpSS”i«. 

an adjustment to compensate for high and low voltages. 

The capacity ^Is'Sicrofaradrpractlcaliy'alf SlhffLlf 

with its ranges of 0-1.5 ^d 0-15 microiaraas^pr^ be tested for break- 

condensers used S meter This meter is connected to the a-c 

downs ^“^^lerfes^wlth the condenser under test through the test 

ieads“ttachld"f the proper filing posts at the bottom of the panel. 
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Tubes may be checked by the grid test method* A 22.5 volt battery mounted 
on the rear of panel as shorn In Figure 15 is used for this purpose so that 
the potential of the grid may be shifted either 4-5 or 22.5 volts, the 
latter voltage being better suited for power tubes of the M5 or ^50 type 
to provide a definite change in plate current- 

When test leads are used in connection with the battery and one of the 
voltmeters, continuity tests of circuits and parts can be quickly made 
and open circuits and shorted condensers can be found. In the front view 
photograph in Figure 13 you can observe the flexible cable with the tester 
plug attached for making socket-analysis tests of receivers. 


How to use a Bench Test Panel. Itony of our students may wish to trace 
through the wiring and switching arrangement of a typical radio service 
bench test panel. For this piirpose we again refer you to Figure 14. The 
test explained in the following paragraphs would be made with the tube in 
the socket on the panel and the tester plug in the tube’s socket in the 
radio set. 


To check power supply to a radio set you would check the filament voltage 
of the rectifier tube by turning switch #18 to 8 volts, and the voltage would 
be read on the 8 volt scale of meter (A). Then to check the plate current 
passing through the rectifier tube you would turn switch #81 to ’’250 M.A.” 
and read the current on the 250 milliampere scale of meter (D). Should the 
current indicate a value leas than 100 milliamperes, change switch #21 and read 
on the 100 milliamnere scale. The current reading obtained is the total 
current passing through a half-wave («81 type) rectifier tube, or one-half 
the total current passing through a full-wave (’80 type) rectifier 
that is, the current through only one plate. To check the current through 
the second plate of a full-wave rectifier tube you would use the 4 
5 prong adapter and take one reading with the rectifier tube in the TO sock¬ 
et (H) and one reading with the adapter in the UT socket (0) of the test 
panel. Hence, the total plate current is the sum of the two readings. 

Tn check filament voltage of a direct current set operated from batteries 
turn switch #23 to ”0-0 FIL” position and the filament available on 

this tube will be indicated on the 10 volt scale of meter (bT. If the meter 
reads reversed you should turn switch #22 to ’’REVSRSE” position which will 
cause the meter to read Toward. However, if an alternating current set were 
being tested turn switch #18 to the ”4 TOLT” position for the following 
of tubes namely, 224, 226, 227, or 245 and read the filament voltage on the 
fvo^f^cairof ieter’(A).’ For'the 112. 171, 810. or fO types of tubes 
turn switch #18 to the ”8 VOLT” position and read on the 8 volt scale, in 
other words, turn svfitch #18 to the proper position, depending, of course, 
upon the filament or heater voltage of the tube 

the corresponding scale of meter (A). With the tube in the test panel, turn 
switch #23 or switch #18 for proper voltage as just described. 

A reading of pl ate voltage could be had by turning switch #20 to the ’’600 Volt” 
position and the 600 volt scale of meter (C) would give the pla^e voltage 
of this tube. If the reading were sufficiently low and within the limits of 
the 300 volt scale then set switch #20 accordingly to the latter scale and 
thus obtain a close reading on this scale. Plate current of the tube and 
socLt under test is indicated on meter (D) and inasmuch as it is continuous- 
thrcircuit, it is best to keep switch #21 on the ”250 M.A.” position 
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Figure 17 
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as a matter of protection and then change to the "100 M.A." or "10 M.A. " scale 
as required. 

r,; yf\;dooj. po.d.io„.^„ 

""a ?r-rPTn ioO” position aid, also, switch #22 to ’’REVERSE” and to connect 

(El Thirread^ng is the positive voltage of the screen with refer- 
elcrtl the cathodi Jl the^ase of heater t^pe tubes, or the filament in 
the case of filament type tubes. 

"Ci™^ Ss?tSfanrthfvaiuo1f?egi™erefon"'^tp^|!^^^^^ 

?:cf tLrthfcathoL“rpSa!t?ve"wlth fllUtt'Z'tZ heater%wltch #E2 
should^be turned to "REVERSE” in addition which will cause the needle to 

read foward on its scale. 

+-ViP -f'r^T'pp'oine tests, you found occasion to test a four-prong 

IT. ??’y5"= ?L?^u'‘S=°or*2«i> 

pieces of teads be run to the high voltage termi- 

ef thfmeter ^oSr switcLs manipulated, and the readings taken. Low 
nals of the »Att battery may be read by turning switch 

the""D-c llL" pL?tloS a^d reading voltage on pter marked (B) through 
jy23 to the Hence when using the binding posts, -the test 

52S”flSrySd“o/i^d.SS?k1“ r.dfo ... .M r.1. WPU.. «. 

all test equipment of this kind. 

Beginning with^hindi^ posts #1 

hf\ ^-nating^curr^^ 

ing circuited through switch #1 > . switch #18 to the proper position, 

sclle may he selected hy merely turning Sp to 160 volts 

For checking line voltages or fox o r^^^o ..fgo VOLT A-C". When 

we would use binding posts ^ pi^g is used for conveniently 

line voltages are measured a ^®Sular cord ^d^piug^is oircuits 

making yw ®'^oum supplied wi^h the panel 

ranging up to 800 volts you wouia us narked #4 and #5. This 

and connecting them to the pair of binding posvs I supplied hy a 

high voltage a-c rrecfifler tSbe. In the case 

power transformer total voltage from plate to plate should 

of a iieh each !ia|t^receivel, the voltage on each 

be approximately double across either half of the plate winding, 

»d”Ss; o. .MS 
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There are three binding posts, #6, #7, and #8 which are used for 
mea surements as follows: The source of the voltage for ohtaining^the mea¬ 
surements is provided through the cord and plug inserted in the l^p sooicet 
or wall outlet of the a-c power system- First, connect the cord tips of the 
cord and plug assembly to binding posts #3 and #4 and place the in the 

lamp socket and meter (A.) will indicate the a-c line voltage on its 160 volt 
scale. A condenser capacity is measured by connecting the terminals of the 
condenser under test directly across binding posts #6 and #7, or across posts 
U and by means of the flexible test leads. When making condenser tests 
be sure the proper posts are used, depending on whether or not the condenser 
capacity value is greater than 1.5 microfarads or within the 15 microfarad 
ranse. Since the capacity indicated is proportional to the line frequency 
and the scale calibration of the meter is for 60 cycles then ^sed on a 
50 cycle line, the actual capacity of the condenser would be 1.17 times that 
indicated, and on 25 cycles, 2.4 times that indicated. .since the cali¬ 

bration of the capacity meter is for an a-c voltage of 115 volts, then should 
readings be made with a line voltage varying from this value, the resulting 
readings will be correspondingly high or low. If a condenser is short-circuit 
ed the a-c current in passing right through the condenser from plate to plate 
would cause the pointer to swing to the ri^t end of the scale or to the 
point marked ”SH0RT". In the case of an open circuit there would be no 
proper connection to the condenser’s plates and, consequently, the pointer 
woSrnot So°e at all; it would remain at the "OPEN" position on the scale. 

ThP ne-rt uair Of binding posts, #9 and #10, are used in reading low values 
of dSiSel on metef (B). ihl range^^dekred being selected by setting 
switch j^^l9 to ^CATHODE 10" or "CATHODE 100”. When high d-c voltage values 
Ire lo te meLurt™ binding posts #11 and #12 are used to connect meter (C) 
to the circuit and the desired range is selected by means of switch #20. 

Where a check up of the current in a d-c circuit is desired binding posts 
#13 and #14 are used, the reading being taken on meter (D) the range 

being selected by means of switch #21. In addition switch #27 must be in 

the "PLATE CURHEM" position. 

Wo doubt,the most frequently used binding posts on any test panel are those 
which are used for making continui t y and resistance measurements . On the 
dia^rarin Figure 14 these posts are #15, #16, and #17. To pl^e this 
dirfuit in readiness for such tests you would attach respective ends of the 
test leads to the proper pair of binding posts and the cPP^site ends of th 
ipsds on which would be found the test prods or points, would be placed 
across portiTof the circuit to be tested. Voltage for these measure¬ 
ments is supplied from a 22.5 volt tapped battery mounted on the rear of 
the nanel so that for low and medium ranges you could use 1.5 volts, and 
for higher ranges 19.5 volts. The rheostat shovm on the 

to ad lust all ranges to the existing battery voltage and to make this ad- 
iustment you need only to short-circuit that ra^e at the binding posts and 
adjust the rheostat until the pointer of meter (E) indicates zero resistance 
at the right-hand end of its scale. 

Whenev-r the continuity test is used to cbeck circuits or parts for "opens" 

then you should connect one of the test leads or points 

..ft hoina: tested and touch the other test point momentarily to various 
nSnS afnftkrcikuit. starting where the first mentioned test lead is 
Lnnected. ^Thus by this mearis you can easily find a break or open, because 
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when the faulty place in the circuit is reached there will be no indication 
on the meter, that is, no movement of the needle will be observed. Of course 
you must remember that when testing a perfect condenser alone it will show 
an open circuit on a continuity test* Hence, you should exercise care in 
such tests and not become confused when a condenser is involved. For instanc 
a condenser in a receiver might show a short circuit test but in reality 
you may be testing through some resistor or transformer or choke winding 
which may be shunted around the condenser in question. So, we advise you 
to be careful when making such tests. To be absolutely sure that any con¬ 
denser which is shunted by a wire' circuit or a metallic circuit is in good 
condition the condenser should be disconnected from its circuit during the 
test. 

How to use the test circuit in Figure 14 for measuring low, medium, and 
high resistances ; A measurement of low resistance would be obtained by con¬ 
necting the test leads to binding posts #15 and #16, and placing switch 
#28 in the ”MED. RES." position, and the reading observed on the 30,000 ohm 
scale of meter (E) would be divided by 10 to get the true value. For medium 
resistance measurements, binding posts #15 and #16 could be used with switch 
#28 in the "MED. RES."- position, and hence the true value in this case would 
be had by dividing the reading taken on the 30,000 ohm scale of meter (E) 
by 10. For high resistance measurements the circuit or unit under test is 
connected to binding posts #16 and #17, and the resistance value is read di¬ 
rectly on the 500,000 ohm scale of meter (E). To cite one exaii 5 )le of a 
correct resistance indication for a given test we will explain what effects 
you would expect to obtain on your meter when testing a'lightning arrester. 
This device should be checked for a very low resistance circuit between the 
antenna terminal and the set terminal, and a vefy high resistance or open 
circuit between the antenna and set terminals and the ground terminal. Where 
a certain type of lightning arrester is supplied with one common terminal 
for the antenna and set connections the arrester should check open circuit 
or a very high resistance between this terminal and the ground terminal. 

The panel in Figure 14 also provides a tube test by changing the grid bias 
a definite amount, the amount of the change of grid bias being controlled 
by switch #26. This switch should be placed in the left hand or "4.5 V" 
position when testing anplifier tubes . However, for power tubes, such as 
types ^45 and *50, switch #26 should be turned to the right hand or "22.5 Y" 
position in order to get a larger grid chasige for such tubes operating with 
greater power. In the case of any three-electrode tube the grid change is 
obtained by operating switch #24 from the "NORMAL" to the "SHIFT" position, 
but for four-electrode or screen-grid tubes the shift is obtained by oper¬ 
ating switch #25 from the "NORMAL" to the "SHIFT" position. As we have 
stated before in our lesson this definite change in grid voltage should 
change the value of the plate current a definite amount for a normal tube. 

To summarize this lesson we learn that the purpose of set testing equipment 
is to provide a means for quickly and accurately checking all tubes, test¬ 
ing the primary and secondary windings of power transformers, measuring the 
voltages at the source of the poi^er supply and taking it all-in-all, sub¬ 
jecting the various circuits of a receiving set to a critical analysis. 

Any readings obtained during the tests that are found to be at considerable 
variance from normal readings usually lead the serviceman to the location 
of the trouble. In other lessons on this subject of radio servicing we 
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have taken up detailed discussions on the Continuity set Cester, ohmme'ter, 
tube tester, grid-dip ijieter, output meter and so on and,also, there are 
numerous points included on the possible causes of faulty operation in re¬ 
ceiving sets powered from alternating-current lines. 


EXAMINATION - LESSON 38 


1. Give a brief outline for systematically testing a receiving set which 

you were called upon to service, assuming you had no previous instruction 
about the condition of the set or the possible cause of the difficulty. 

2. (a) How may the range of a voltmeter be extended? (b) What is the 

principle governing this method? 

3. (a) How may the range of an ammeter be extended? (b) Explain the 

principle. 

4. What is meant by a socket-analysis test and of what advantage is 

it in^servicing a receiver? 

5. Name each of the principal circuit analyses that may be taken with 

the average type set tester and tell what you can about each analysis. 

6. In the diagram in Figure 11 what is the 4.5 volt battery used for? 

7. Before attempting to service a receiver and turning power on the set 

what precautions would you take? 

8. Mention one or more circuits in certain types of receivers that 

cannot be reached by socket-analysis testing. How are they tested? 

9. To indicate correct working conditions is it necessary to have the 

electrical values obtained at the various sockets and other points 
in a receiver always compare exactly with the values given on the 
manufacturer's chart for that set? Give the reasons for your answer. 

10. (a) Would you run a series- ^ tests on an a-c set with a set tester if 

each socket of the receive other than the socket which held the plug, 
was not supplied with a tr j? Why? 

(b) men making socket-ana, sis tests of different types of receivers 
why is it you may get reversed readings of cathode voltage? 
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